Difficulty with intubation, ventilation or both is a significant issue for anaesthetists. The American Society of Anesthesiologists' Guidelines for the Management of the Difficult Airway is an algorithm widely used when airway difficulties are encountered. Ideally, anaesthetic trainees should have access to simulators suitable for learning and practising how to manage airway difficulties, but most models have been designed primarily for resuscitation training. The aim of this study was to determine which small airway simulators could be used to practise steps in the Difficult Airway Algorithm (DAA).
Effective airway management is the foundation of safe anaesthesia. Difficulty with endotracheal intubation or mask ventilation or both has been reported to occur in up to 1 in 1000 anaesthetics 1 . Risk factors for such difficulties are well known, but even after extensive evaluation, airway problems cannot always be anticipated 2 . It is essential for all anaesthesia trainees to learn how to overcome airway difficulties promptly and effectively. Serious airway events requiring immediate life-saving action occur relatively infrequently. When the airway crisis occurs is not the time to learn how the equipment is used. High-risk industries (such as commercial aviation and nuclear power plants) use simulators to train staff to manage emergencies. The morbidity and mortality associated with not always being able to maintain ventilation and oxygenation suggests airway skills should be taught and practised on simulators. Guidelines for the Management of the Difficult Airway developed by a working party of the American Society of Anesthesiologists 3 is used widely in teaching junior anaesthetists how to act when airway difficulties are anticipated or encountered 4 . These "guidelines" include an algorithm that outlines the critical path to follow in any airway condition and also describe the equipment that can be used in these situations.
In the United Kingdom it has been recommended that anaesthetic departments have a room with equipment and simulators for learning and practising how to manage airway difficulties 5 . High-fidelity anaesthesia simulation has an important role for team training but individual anaesthetists need easy and regular access to airway models to maintain their own psychomotor skills. It could also be wasteful to use the limited resource of high level simulators costing hundreds of thousands of dollars for training that could be achieved using more readily available models costing less than a tenth of that sum. Most basic airway models have been designed primarily for resuscitation training and some may not satisfy anaesthesia training needs 5 . At least partly because of this, it has been recommended that resuscitation training and training in airway management in anaesthesia should be kept separate 5 . The aim of this study was to investigate which of the many small or desk-top airway simulators made for airway management could be recommended as an aid to anaesthetic training. To assess this, we investigated the suitability of the airway models available in Australia for teaching and practising the steps of the Difficult Airway Algorithm (DAA).
METHODS
The authors contacted known suppliers of resuscitation models and equipment and educational aids suppliers and undertook an Internet search to identify the adult airway management trainers/small airway simulators that were available in Australia or could be easily imported. Generally, these models were purchased but, because of cost, we sought the loan of some models. Where two very similar models existed we tested the version with most features.
We reviewed the unanticipated airway difficulties path in the ASA Difficult Airway Algorithm 2 and identified the essential elements and associated airway devices that anaesthesia trainees should be taught to use. Our method of review was based on Learning Contingency Analysis 6 . Decisions about how to teach are fundamental to instructional programs such as managing the difficult airway. Learning Contingency Analysis identifies the elements of a task, the order in which they should be learnt and the conditions in which they should be taught.
The major elements we extracted from the DAA were: -Difficult intubation: Alternatives to laryngoscopy such as the Trachlight ® and Fastrach ® , external laryngeal manipulation (BURP), clinical methods to confirm correct placement of the endotracheal tube (including visual chest/lung movement, auscultation and the oesophageal detection devices).
-Unable to ventilate with a bag-and-mask system and unable to intubate: Use of dedicated airway (supraglottic) devices such as the LMA ® and Combitube ® . -Continued failure to ventilate: Emergency surgical access for transtracheal ventilation (TTV or cricothyroidotomy) or a transtracheal-cannula system such as the Enk ® oxygen flow modulator (Cook). We then attempted to use each of these airway techniques in all the adult airway trainers we had acquired. To facilitate the comparison, we developed a simple, yet clinically relevant, three-point scale to rate the performance of each airway device in every model. The performance of each device for each element was rated as "good/very realistic"; "possible/not realistic"; or "impossible/not possible". In essence, a model was rated as "good/very realistic" when the airway device could be used on that particular manikin and performed in a clinically realistic manner so that it would be very useful for teaching purposes. "Possible/not realistic" was used when the device could be used, but lacked some realism: for example an LMA could be inserted but inflating the cuff did not result in a seal so that the chest (or lungs) moved very little on inflation. In such cases, the model could be used for teaching. "Impossible/not possible" was used when the manikin could not be used to teach that particular element of the DAA, for example a cricothyrotomy trainer which has a sealed mouth. Expanded details of the rating for each assessment are described in Table 1 .
In addition to assessing the DAA we looked at clinical methods to confirm correct placement of the endotracheal tube. These included visual chest/lung movement, auscultation and an oesophageal detector device (ODD). There was no facility to use capnometry on any of these models.
RESULTS
We obtained examples of most of the adult airway trainers available in Australia (see Table 2 ). Some were readily available from stock in Australia but many were ordered from outside Australia and one (Hillway Man ® ) was made specifically to our order. Most of the models were purchased from grants awarded for studying airway management. The Koken Adult Airway Trainer ® (Koken MPC) was far more expensive (over $8000) than apparently similar models and was therefore beyond our budget. We were unable to arrange a loan of this model from either the Australian distributor or the manufacturer. Funding limitations also meant that we were unable to arrange assessment of the Simon ® Multipurpose Airway and Trauma Trainer (Gaumard), although the standard "Simon" was tested.
The elements of the ASA Difficult Airway Algorithm were tested in 16 different airway models. Table  3 shows the performance of each manikin for the dif-ferent elements tested. The Hillway Man ® was not included in these tests because it appeared too fragile to be used as a general training model. MPL/Laerdal make two difficult airway trainers and we tested the "deluxe" version.
No single model achieved our criteria of "good/ realistic" for all of the elements tested but in two manikins, the Difficult Airway Trainer (MPL/ Laerdal) and "Bill" (VBM/Tyco/ Mallinckrodt), it was at least "possible" to apply all elements of the DAA (Figures 1 and 2 ). In the others, the most common 'impossibility' encountered was "cricothyroidotomy/ transtracheal ventilation" because several manikins these, when using the Trachlight ® , no light could be seen or there was the wrong pattern of transillumination at the neck of "Simon ® ", "Airway Larry ® ", Simulaids Airway Trainer and the Ambu Intubation trainer. BURP was not possible to apply in Bronchoboy ® or CPARLENE ® because we could not palpate the larynx. We were not able to use the Combitube satisfactorily in "Noelle ® ".
Three of the small simulators tested were dedicated cricothyroidotomy trainers and all other elements were 'impossible". These were the Laerdal Cricoid Stick Trainer (which had no mouth-opening), the Simulaids "Cricothyrotomy Trainer" (which had no head) and the Portex Tracheotomy Trainer. These manikins could complement those whose only major failing was cricothyroidotomy, such as the Laerdal Adult airway trainer, CLA intubation trainer and the MPL airway trainers.
DISCUSSION
Simulation is essential training for those clinical skills in which failure to perform well is associated with risk of serious adverse outcome. Access to airway simulators is important for learning how to use the equipment and techniques described in the ASA Difficult Airway Algorithm 3 . A recent North American survey concluded that lack of essential airway equipment and difficult airway training should be addressed 3 . A large range of skills needs to be acquired but there are often problems providing training on live patients 7 . In the U.K., trainees frequently feel poorly trained in airway management 7 . In this study we discovered that, whilst there are many airway models available for learning and practising airway care, only two simulators (the Laerdal Difficult Airway Trainer de-luxe and VBM's "Bill') were suitable for practising the entire DAA on a single manikin.
There are many terms used for such training models. The terminology we have adopted is that a small or desk-top simulator is a model used for training (learning and practising) in a particular skill or technique (e.g. endotracheal intubation) and they are sometimes called part-task trainers (Figures 1-4) . A "manikin" (but not "dummy") is a whole-body training model ( Figure 5 ) and "patient simulator" is used for a manikin with active and interactive features.
Many of the small simulators were suitable for several airway management techniques except for cricothyroidotomy. The Laerdal Adult Trainer scored well in all respects other than cricothyroidotomy, so it would be a good model to practise most techniques and then a separate "cricoidtracheotomy" trainer could be used for transtracheal techniques. This would change the flow of teaching sessions, as a different model would need to be presented when the cricothyroidotomy step was required.
In a study involving medical students undertaking laryngoscopy with and without prior training on an airway simulator, the small simulator experience was reported to be beneficial 8 . Learning on one model is unlikely to result in clinical competence when faced with the range of anatomical variations patients present to anaesthetists 9 . A report on the number of cases needed to become competent assumed this variability would arise in clinical practice 10 . Twenty trials on one simulator is certainly not the same experience as five trials on each of four different models. The positive benefit of learning an airway skill on differing models has been described 11 . Budgets for training equipment are often limited so it would be logical to purchase a model that allows all steps of the DAA to be practised, such as the Laerdal Airway trainer deluxe or VBM "Bill", and then acquire more specialized models later. Ideally, anaesthetictraining budgets will need to include at least two airway trainers and airway consumables. For example, the combination of the Laerdal Adult Airway trainer and a dedicated "crico-tracheotomy" model could provide realistic simulation of all of the DAA.
There were two airway training models that we were unavailable to us due to lack of funds. These were the Simon ® Multipurpose Airway and Trauma Trainer (Gaumard) and the Koken adult airway trainer. We would expect the upper airway of the Simon ® Multipurpose Airway and Trauma Trainer (MATT) to be very like the standard Simon tested, but we cannot comment on transtracheal access in the MATT. We believe independent review of these airwaytraining models from an anaesthesia perspective is important.
The replacement cost of this collection of airway models would be close to $100,000 with the cost of individual models ranging from $1,500 to over $15,000 (at the time of our assessment). Whatever the cost, any department teaching airway management should have the facilities to train all staff (nursing and medical) effectively. The only debate should be which models and how many. Most health budgets are limited and service provision is generally funded ahead of training. Hospitals could create training consortia or collaborate in other ways to share the cost of these models. Organization is more often the problem than shortage of teaching staff 7 .
There are additional on-going costs that need to be budgeted for in establishing an airway training unit. At its most basic, the models need special lubricant and regular cleaning and the airway equipment needs to be supplied. We believe the wrong message about training is sent if old, broken or obsolete equipment is relegated to the training area. Whatever equipment is used in the clinical workplace should be duplicated in the training area. A major cost arises from learning and practising cricothyroidotomy and trans-tracheal ventilation techniques because the equipment can only be used a few times before guide wires get bent, catheters become burred and neck skins and larynxes so damaged that they require replacement.
Some of the individual simulators have specialized features that particular departments may find useful. The Simulaids Critical Airway Trainer has tongueswelling and bleeding into the mouth. Unfortunately, the way it is designed for cricothyroidotomy training means it cannot be used to teach intubation with the Trachlight because no light can be seen through the neck. The "deluxe" version of the Laerdal Difficult Airway trainer also has a tongue-swelling feature to increase the difficulty of intubation. The AMBU Intubation trainer is open on one side so trainee and trainer can watch how different airway devices are inserted and "Bill" can easily be switched between supine and sitting. Some models (e.g. Adult Airway Trainer, the CLA intubation trainer and the AMBU intubation trainer) incorporate devices that indicate when excessive pressure is applied to the upper teeth. These features may influence decisions about which small simulator, manikin or combination is purchased.
None of the models we tested here would be particularly useful for teaching optimization of mask ventilation although this is an essential skill that anaesthesia trainees must learn. Some small simulators designed for CPR and simulators with instructor control of airway resistance could be useful for practising this.
In this study we focussed on techniques used to manage the unexpectedly difficult airway, so we did not assess the models for flexible fibreoptic intubation. It is worth mentioning that most of the models are anatomically correct to the carina but a bronchial tree can be useful for practising "driving" a flexible intubating fibrescope. In both the Adult Airway Trainer (Laerdal) and "Bill" (VBM) the lungs can be replaced with an anatomically correct bronchial tree, but Bronchoboy (CLA) has the best bronchial simulation. Bronchoboy can be set up with lung bags that can be ventilated, normal airways or "sick" airways which include infection and tumour. Brochoboy is the only model that would be suitable for practising insertion of a double-lumen tube and has been designed to accommodate rigid bronchoscopy. Whilst the utility of Airway Larry and its "sister" adult airway management trainer (CPARLENE) are reduced because they have no "chest" but have clear lung bags permanently on display, this design would make it easy to demonstrate how readily a bougie or an airway exchange catheter can migrate endobronchially.
Practice makes permanent, so it is important that a simulator reinforces appropriate skills and processes. For example, the design of the CLA intubation phantom is good in that it requires auscultation on the side of the chest to confirm intubation whereas the auscultatory feedback in the Laerdal Adult Airway Trainer is obtained by listening over the apices. In most models there is some chest movement when the lungs are ventilated or there are "lungs" that can be seen. The two CLA models have rigid chests and auscultation is needed to confirm intubation. Educationally this is helpful, but many of the trainees want to lift the chest plate to see where their tube has been placed.
A survey of anaesthesia training programs in the U.S. showed that just over a quarter offered formal training in difficult airway management 12 but this was sometimes only by lectures (and not practice on simulators or humans). It was reported that the topic is most commonly taught as difficult clinical situations arise 13 . Opportunistic teaching associated with a high-risk event that occurs sporadically cannot be relied on for completeness of training. Whilst training programs need to ensure trainees are properly trained to manage airway difficulties, specialists also need to practise these techniques and be able to learn how to apply new technologies 13 .
Small simulators for airway training are expensive in Australia and very few models are readily available for trial or even demonstration. The major manufacturers and suppliers of small simulators are listed in Table 4 . There appears to be significant re-badging and cross-selling of models amongst the manufacturers and suppliers. The Australian distributors and agents are also listed in that table. We have found considerable variation between these companies in the prices of simulators, in the way the simulator is prepared for sale and in after-sales service.
It is hoped this report will provide useful information for anaesthetists choosing models for airway skills training. Anaesthetic departments planning to acquire such training models should undertake a training needs analysis and then apply the results to the characteristics of the simulators available. Whilst even one good model is worthwhile, departments will generally need to buy more than this for trainees to learn how to use a range of equipment for managing a difficult airway in a patient.
